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1 Introduction
Superconducting RF cavities are a key component of the modern particle accelerator. This is an
eletromagnetic cavity resonating at microwave frequency which operates at liquid helium temper-
ature. It is used for imparting energy to the charged particles. An important figure of merit for
accelerating cavitites is the quaity factor (Q0), which is related to the power dissipation and is
defined as

Q0 =
ω0U

Pc

, (1)

where U is the stored energy and Pc is the power dissipated in the cavity walls. Another important
quantity used to characterize the losses in a cavity is the shunt impedance (Ra), which is defined as

Ra =
V 2
c

Pc

(2)

where Vc is the accelerating voltage. The ratio of Ra/Q0 is given by

Ra

Q0

=
V 2
c

ω0U
, (3)

which is independent of the surface resistance and cavity size. This quantity is frequently quoted
as a figure of merit and is also used for determining the level of mode excitation by charges passing
through the cavity.

2 Passband mode excitation
Spontaneous excitation of modes with resonance frequencies close to the main mode (so-called pass-
band) has been frequently (almost in 50% of tests) observed during vertical cold tests of 9-cell cavities
in DESY [1] and in Fermilab. When this occurs generally the 7/9π mode is excited, along with that
little bremsstrahlung is observed outside the cryostat and the radiation energy is low, of order 100-
200 keV. Measured bremsstrahlung on axis yields energies up to 50 keV. what makes big errors of Eacc

and Q0 measurements of π mode. Understanding the nature of modes generation will help improve
quality of cavity tests.

One of the possible excitation mechanism is due to field emitted electrons. The spontaneous
excitation of the 7/9π passband mode suggests that electrons in cavity are at first accelerated to high
energy, and then are again decelerated to low impact energy, thus transfering their energy to the 7/9π
mode. Experimental data [1] show that excitation of 7/9π mode starts in Eacc = 20 ÷ 30 MV/m.
Also the mode excitation depends strongly on the Qload.

To understand whether or not can field emission explain phenomena of passband mode excitation
we study this mechanism by means of simulation.
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Figure 1: π mode and passband 7/9 π are separated by the spectrum analyzer connected to the
pickup antenna

3 Simulations
Trajectories of electrons moving in cavity in field of 2 modes - main π mode and passband 7/9 π -
were simulated. The electric field patterns of π and 7/9 π modes are shown in Fig.2. The simulation
was carried out through the whole range of parameters like maximum on-axis field and phase for
π and 7/9 π modes. Maximum on-axis field for π mode E1 changed in the range 10 − 60 MV/m
with step 5 MV/m, phase φ1 was the phase of maximum electric field (for some cells it is 0◦ and for
other - 180◦). Maximum on-axis field for 7/9 π mode was fixed and equal to 2 MV/m, the phase
φ2 changed in range 0 − 360◦ with step 10◦. Besides this different potential field emission sites on
cavity surface were considered. The electric field peaks in the cavity iris regions - this makes irises
the most probable source of field emission. Due to cavity symmetry, the simulation was carried
out for emission points located in the left part of the cavity (first 4 cells and the half of 5th cell).
So in simulations emitters were located symmetricly about each iris (20 emitters per iris) starting
with the first in 0.5 mm from iris and then going 10 emitters in one direction from iris and 10 in
the other with distance between them 1 mm - altogether 80 emission sites. In simulation program
emmiter location is set by the length of the cavity boundary. Output files of the program contain
every electron trajectory: coordinates z and x in metres and time stamp in seconds.
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Figure 2: Electric field pattern of the 1300 MHz accelerating mode and of the 1297 MHz 7/9 π mode
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